We have analysed the near-infrared (NIR) and far-infrared (FIR) colours of MASH I and MASH II (the Macquarie/AAO/Strasbourg surveys) planetary nebulae (PNe), using data deriving from the Two-Micron All-Sky Survey and Infrared Astronomical Satellite. We were able to identify ∼5 per cent of the sources in the NIR, and a slightly larger fraction (∼12 per cent) in the FIR. It is concluded that whilst the NIR colours of these nebulae are consistent with those of less evolved (and higher surface brightness) PNe, their FIR colours are markedly different. This disparity is likely to arise as a result of an evolution in dust temperatures, in their line emission characteristics, and in the relative contributions of the 8.6 and 11.3 μm polycyclic aromatic hydrocarbon emission features. A rump of ∼9 per cent of the detected sources have values log[F(25 μm)/F(60 μm)] which are lower than can be explained in terms of normal nebular evolution, however. If these are comparable in nature to the undetected PNe, then this would argue that ∼1 in 10 of MASH I and II nebulae may represent galactic H II regions, Stromgren spheres, symbiotic nebulae or other unrelated categories of source.
in distinguishing between the spectra of low excitation PNe on the one hand, and compact Galactic H II regions on the other. Cohen et al. (2007) have also noted that the mid-infrared (MIR) colours of the PNe fall within a narrow range of indices; much narrower, it would seem, than is the case for higher surface brightness PNe (e.g. Hora et al. 2004; Phillips & Ramos-Larios 2008a) . Such colours are very similar to what would be expected for H II regions (Phillips & Ramos-Larios 2008b,c) . Finally, RamosLarios & Phillips (2008) have noted that the MIR images of these sources often appear diffuse and fibrous; a characteristic which may reflect the low signal-to-noise ratio of some of their results, but also makes them appear uncannily similar to compact H II regions.
It is therefore pertinent to ask whether some of the characteristics cited above (diffuse appearance, narrow ranges of MIR colour and etc.) are really typical of highly evolved PNe, or whether they may also indicate that a subset of the sources corresponds to H II regions or Stromgren spheres -regions excited in the interstellar medium by passing higher luminosity stars.
We have, in an attempt to answer this question, determined the near-infrared (NIR) and far-infrared (FIR) colours of the sources using the 2MASS and Infrared Astronomical Satellite (IRAS) data bases. This analysis complements the MIR analysis of Cohen et al. (2007) . We were able to identify ∼5 per cent of the sources in the 2MASS catalogue, and ∼12 per cent in the IRAS catalogue. Placement of these sources in the relevant colour-colour planes is used to compare these objects with other galactic sources, and with analyses of less evolved PNe. We will conclude that ∼9 per cent of PNe detected in the FIR are likely to refer H II regions, and the FIR C 2009 The Authors. Journal compilation C 2009 RAS properties of the sources differ markedly from those of less evolved PNe.
T H E N I R A N D F I R DATA BA S E
We have investigated the fluxes of IRAS and 2MASS sources lying close to the MASH I and MASH II sources. This has involved correlating the positions of the MASH PNe with sources within 2MASS and IRAS point-source catalogues (PSCs) . No identifications were found within the 2MASS extended source catalogue.
Details of the 2MASS are to be found in Skrutskie et al. (2006) . In this case, the observations were taken between 1997 and 2001 using 1.3 m telescopes based at Mt Hopkins, Arizona, and at the CTIO in Chile. Each telescope was equipped with a three-channel camera, each consisting of a 256 × 256 array of HgCdTe detectors. This permitted simultaneous observations of the sky in the J(1.25 μm), H(1.65 μm) and K S (2.17 μm) photometric bands. The resulting PSC is complete down to J < 15.8, H < 15.1 and K S < 14.3 mag.
The IRAS, by contrast, was launched in January 1983, and tasked with mapping 96 per cent of the sky in wavebands at 12, 25, 60 and 100 μm. The resolution ranged from 30 arcsec at 12 μm through to 2 arcmin at 100 μm, and the results were published in the PSC (which contains ∼2.5 × 10 5 sources), as well as in the more restricted catalogue of smaller sources (source size <8 arcmin), and the atlas of sky brightness images. Spectra of the brighter sources were published by Olnon et al. (1986) . The accuracy of the source positions depends upon the brightnesses of the sources, and the instrumental scan direction. In the cases of stars, for instance, it appears that the cross-scan results indicate Gaussian error widths of σ ∼ = 15.6 arcsec where the 12 μm source strengths are <1.2 Jy; although there is an appreciable tail extending out to 30-45 arcsec or so. The errors for brighter sources are approximately twice as small, whilst in-scan results are approximately four to five times better. We have, as a result of this, used a search radius of 20 arcsec about the specified MASH positions.
A problem with the 2MASS and IRAS identifications is to assess what proportions correspond to unrelated field stars and what fraction applies to the nebulae themselves. This is particularly pressing for the MASH sources, since they lie in regions of sky (the southern Galactic plane) for which stellar surface densities are particularly high. There is therefore a high possibility of confusion between the nebulae and unrelated sources.
The degree of contamination is relatively easy to assess where one repeats the task of correlating MASH sources with those in the PSCs, but with coordinates displaced by ± arcmin in declination. For this case, one expects that where levels of contamination are high, then one would see a comparable number of detections where = 0 and 10 arcmin. Where the reverse is the case, and contamination is low, then it follows that the number of detections N( = 0 arcmin) should greatly exceed N( = 10 arcmin). Our results suggest that >95 per cent of IRAS detections correspond to MASH sources, and that levels of field source contamination are small to negligible. Such a result is broadly as would be expected given the known sensitivities of the IRAS survey, and the fact that the continua of many galactic sources (including the large majority of stars) are reduced at FIR wavelengths. It is also consistent with the incidence of confusion flags in the IRAS PSC, which may be triggered where there is confusion due to other sources, or possibly, where the sources are relatively extended. Excluding confusion in the 100 μm band (which occurs in ∼2 per cent of the sources, and has no effect upon the proceeding analysis), such flags were registered in ∼6 per cent of the sources in Table 1 , three of the sources in Fig. 1 (specifically G272.8+01 .0, G322.0−01.8 and G333.9+00.6) and ∼10-12 per cent of sources in the two panels of Fig. 2 . The effect upon the statistical analysis and conclusions is small.
The resulting MASH IRAS source fluxes are provided in Table 1 , where the galactic coordinates of the sources are indicated in column 1; the IRAS designated identifications are listed in column 2; the MASH catalogue in which the sources appear is indicated in column 3 (where M I corresponds to the MASH I catalogue of Parker et al. 2006 , whilst M II corresponds to the MASH II catalogue of Miszalski et al. 2008 ) and the nebular names are given in column 4. Finally, the reliabilities of the identifications are indicated in column 5 (P ≡ possible PN; L ≡ likely PN; T ≡ true PN); the fluxes are provided in columns 6-9; the reliability of the fluxes is indicated in column 10 (the numbers refer consecutively to the 12, 25, 60 and 100 μm bands, where 1 ≡ upper limit; 2 ≡ moderate quality and 3 ≡ high quality) and the separation between the MASH and IR source positions is indicated in column 11. IRAS identifications were found for 150 (∼12 per cent) of the total MASH I and II objects.
In contrast to the IRAS survey, the wavelength ranges and instrumental sensitivities of the 2MASS were sufficient to detect a large fraction of Galactic stars. The astrometric positioning of 2MASS sources is much better than that of IRAS (of the order of 70-80 mas), however, whilst the positioning of the geometric centroids of the MASH PNe is better than ∼2 arcsec where diameters are <1 arcmin (and less than this where the central star is apparent). We have therefore utilized a very much smaller search radius of 3 arcsec in this particular analysis, and this will tend to reduce the levels of contamination.
An analysis of field star contamination, similar to that outlined above, indicates that a higher fraction of the 'nebular' detections are likely to correspond to unrelated sources. These have been removed to a reasonably high level of confidence, however, by using the positioning of the sources within the NIR colour plane (see in Section 4); a technique which has resulted in the MASH PNe photometry provided in Table 2. A further factor which bolsters confidence in our identifications arises from the displacement between the MASH positions, and those of the corresponding 2MASS sources. We determine a mean value θ = 0.34 arcsec, and find that ∼80 per cent of the sources would be detected within a search radius of <1 arcsec. The likelihood for these nebulae that we are detecting an unrelated line-ofsight source, and that this source has colours similar to the known colours of Galactic PNe, is then likely to be vanishingly small.
The designation of columns in Table 2 is similar to that for Table 1 , except for column 2 (where we give the 2MASS source designation); column 6 (where we give the harmonic mean size HARM = ( MAX MIN ) 0.5 , where MAX and MIN are the maximum and minimum source sizes given in the MASH I and II catalogues) and columns 7-12 (where we indicate J, H and K S magnitudes, and corresponding errors σ J , σ H and σ KS ; it should be noted that these errors represent the sum total of several terms, including photometric uncertainties, zero-point uncertainties and flat-fielding and normalization errors). The total of 2MASS sources in this table (60) represents ∼5 per cent of the MASH I and II catalogue results.
We have, using these data, undertaken an analysis of the positions of MASH PNe in the FIR and NIR colour planes, in which we consider the differences and similarities of these colours with those of less evolved PNe. Details of these analyses are provided in Sections 3 and 4. Pottasch et al. (1988) . The vertical arrow to the right indicates the influence of varying levels of PAH emission, whilst the solid diagonal lines correspond to dust loci for differing temperatures T GR , and emissivity exponents β (see the text for details). The ticks on these lines are separated by intervals of 20 K. Note that all of these sources have 12, 25 and 60 μm IRAS flux quality factors which are greater than unity, and this results in a smaller number of sources than are listed in Table 1 . Finally, the vertical dashed line corresponds to the limits in F(25 μm)/F(60 μm) flux ratios for β = 1, and T GR ≥ 60 K. It is unlikely that many PNe would be located to the left of this limit. Similarly, the results of nebular evolution are indicated by the dot-dashed loci in the lower part of the figure, based upon the theoretical trends provided by Stasinska & Szezerba (1999) . In these cases, the primary emission is assumed to derive from atomic line and dust continuum emission, and the nebulae are assumed to have central star masses M CS = 0.60 M , nebular masses M NEB = 0.2 M , expansion velocities V EXP = 20 km s −1 and dust/gas mass ratios of 7.5 × 10 −4 , excepting where the trajectories are indicated using open circles (for which nebular masses are 0.1 M ), and using open triangles (for which expansion velocities are 40 km s −1 ). It can be seen that the MASH nebulae are scattered throughout the plane, and appear not to be associated with any particular type of source. 
P O S I T I O N I N G O F S O U R C E S W I T H I N T H E F I R C O L O U R P L A N E
The distribution of MASH I and MASH II sources within the FIR colour plane is illustrated in Fig. 1 , where we have also indicated the positions of various categories of galactic and extragalactic source (viz. PNe, galaxies, OH/IR stars, H II regions and stars) based upon the analysis of Pottasch et al. (1988) . We also show the trends for dust having emission F(λ) ∝ B(λ, T)ε, where the emissivity ε ∝ λ −β , and B(λ, T) is the Planck function. The trends for β = 0 are typical of those expected for larger gain sizes, whilst those for β = 1 and 2 are what might be expected where the grains are small. The FIR grain continuum properties of many PNe appear consistent with β ∼ 1.
Note that the sample in this figure is very much smaller than for the detections listed in Table 1 . This arises because only a rather small fraction of the sources were detected in all three of the IRAS photometric bands -that is, have IRAS flux quality factors which are in excess of unity. All of the other sources have one or more flux estimates which correspond to upper limit values.
It is clear that this sample of MASH sources lies mostly outside of the regime of PNe defined by Pottasch et al. (1988) , and appear to be more-or-less uniformly dispersed within the ranges −1.4 < log[F(25 μm)/F(60 μm)] < 0.3 and −1.2 < log[F(12 μm)/F(25 μm)] < 0.3. This might, at first sight, be seen as implying that most of the sources are neither PNe nor H II regions. It is, at the very least, evident that the sources are different from the less evolved PNe of Pottasch et al. (1988) . There are various factors which may change the colours of highly evolved PNe, however.
In the first place, it is clear that the FIR colours of the sources are affected by a variety of emission agents, including cool dust emission, gaseous spectral line and continuum emission, and by the influence of polycyclic aromatic hydrocarbon (PAH) emission bands within the 12 μm IRAS passband. All of these characteristics are likely to vary with the evolution of the PNe shells. In the first place, it is clear that dust temperatures decrease with increasing age of the PNe shells -a result which arises as a result of decreasing central star temperatures, luminosities and ultraviolet fluxes, the increasing sizes of the nebular shells and the decreasing influence of Lyα heating. This presumably explains the observed decrease in grain temperatures from T GR ∼ 130 K for less evolved sources, down to ∼60 K for their more highly evolved counterparts (Stasinska & Szezerba 1999) .
One therefore anticipates that the MASH PNe will have lower dust temperatures than those for less evolved (and higher surface brightness) PNe, and this would lead to lower values of F(12 μm)/ F(25 μm) and F(25 μm)/F(60 μm). Given that the region for PNe in Fig. 1 is primarily determined for less evolved PNe, it follows that MASH sources would be expected to extend below and to the left of this particular regime.
However, there is a limit to the log[F(25 μm)/F(60 μm)] ratios below which PNe are unlikely to evolve, and this corresponds to the case β = 1, T GR = 60 K indicated by the vertical dashed line in Fig. 1 . One would expect to see very few if any PNe to the left of this line -and the few that are positioned there would be required to have unusually low grain temperatures.
It is plain however that ∼30 per cent of MASH sources with IRAS counterparts lie precisely in this regime; a regime which is more characteristic of H II regions than for any plausible variety of PNe. The proportion also stays the same when one excludes the 'confused' sources discussed in Section 2.
Apart from this, we note that given that dust temperatures of the MASH nebulae are likely to be low, then one would expect a large sample of the sources to have values log[F(12 μm)/F(25 μm)] < −1.3 -and that most such sources would therefore fall off the bottom of the graph.
That this is not the case is partially attributable to the increasing influence of spectral line features, which are expected to increase in importance as dust temperatures decrease, and the dust continuum peak shifts to longer infrared wavelengths.
Some indication of the importance of this trend can be seen from the evolutionary loci in the lower part of Fig. 1 , indicated by the dot-dashed curves and small open symbols. The three symbols employed here correspond to differing models analysed by Stasinska & Szezerba (1999) , details of which are given in the caption to the figure. Suffice to remark that the models correspond to differing nebular and central star masses and varying nebular expansion velocities. They also correspond to cases in which the nebular spectral features lead to the largest changes in FIR indices. For most other models, the values of log[F(12 μm)/F(25 μm)] and log[F(25 μm)/F(60 μm)] are likely to be significantly less.
Finally, it should be noted that we have also assumed, in evaluating these loci, that grain temperatures decrease with increasing nebular radii and vary in a manner which is similar to that determined by Stasinska & Szezerba (1999) .
It is apparent from these loci that when the contribution of gaseous emission is thrown into the mix, then both of the FIR indices are likely to increase, although the precise positions of the sources depend upon the evolutionary status of the shells. Such a result is likely to have two consequences for the present source colours. In the first place, it would make the sources to the left of the β = 1, T GR = 60 K line appear even more anomalous than was noted above. On the other hand, it also helps lift sources from the extremely low values of log[F(12 μm)/F(25 μm)] to which they would otherwise be consigned. This latter trend hardly explains the high values for this parameter which we appear to be observing, however -the MASH sources possess indices log[F(12 μm)/F(25 μm)] which are ≈1 dex larger than the evolutionary trends discussed above.
Finally, we note that the analysis of Stasinska & Szezerba (1999) did not take account of the possible contributions of the 8.6 and 11.3 μm PAH emission bands, both of which are likely to contribute fluxes at 12 μm. It is clear that both of these bands are likely to occur in PNe (e.g. Peeters et al. 2003; Hora et al. 2004; Szczerba, Siódmiak & Szyszka 2005; Phillips & Ramos-Larios 2008a) , and contribute to the positioning of sources within the FIR colour plane. What is not clear, however, is how these bands evolve with time.
Given however that decreasing central star temperatures shifts photon energies into a regime in which many of these bands are likely to be excited, whilst at the same time decreasing the flux of ionizing radiation, then a prima-facie case can be made for supposing that the band features may be enhanced at the expense of the gas and grain continua. Where this is the case, then this would further increase F(12 μm)/F(25 μm) ratios, and perhaps explain the enhanced values of this parameter noted in most of the IRAS detections. Such bands are expected to derive from very small grains, containing ∼50-80 C atoms in the case of the narrower PAH band features and ∼350-600 C atoms for the broader underlying plateau emission components (e.g. Tielens 2005 ). Where such grains are located inside the H II regions, then it is likely that sputtering and sublimation would greatly truncate their lifetimes (see e.g. Allain, Leach & Sedlmayr 1996a,b) and lead to a decrease in band strengths during later phases of evolution. Given that the bands are still prominent in the MASH sources, however, as appears to be implied by the vertical distribution of sources in Fig. 1 , then this may suggest that PAH emission derives from photodissociative regimes located outside the primary ionized shells, and/or from neutral inclusions within the H II regimes. The lifetimes of such particles might then be sufficiently large, and comparable to (or greater than) the expansion time-scales of the MASH nebular shells (≈10 4 yr). Finally, it is worth making one further point concerning the PAH bands and their influence upon the positioning of sources within the FIR colour plane. Although we have assumed that the strongest PAH emission is located at wavelengths of <13 μm or so, there is also evidence for an excess continuum extending between 15 and 21 μm; a contribution that can be explained in terms of out-of-plane PAH skeletal variations (Peeters et al. 2004 ). This, where it occurs, will contribute to the 25 μm IRAS fluxes, and cause some rightward tilting of the PAH vector in Fig. 1 . Although the importance of this component is unclear, we note that it is particularly evident in S 106 and the Orion bar, where it makes a contribution which is comparable to that of the 11.3 μm feature.
The effect of this band would therefore be to decrease the vertical displacement of nebulae in Fig. 1 , whilst also shifting them somewhat to the right -although the degree to which this occurs in the present nebulae is far from being clear.
It therefore appears that the scatter in Fig. 1 can be attributed to a variety of mechanisms, and these are capable of explaining much of the disparity with the trends for less evolved PNe. It remains unclear, however, how one could explain the sources having log[F(25 μm)/ F(60 μm)] < −0.9. Most emission processes (atomic lines, PAH bands) tend to shift PNe outside this regime, whilst grain temperatures would be required to be exceptionally low.
A further indication of the trends in FIR colour is provided in Fig. 2 , where we show the distribution of sources with respect to the individual colour axes. This has the potential to be particularly informative, since many more sources are known having values F(12 μm)/F(25 μm) or F(25 μm)/F(60 μm), than are known in which both of these flux ratios are available together. All of these sources have IRAS flux quality factors in excess of unity -that is, we have excluded those cases in which the stated flux measurements correspond to upper limit values.
The first thing to note is that most of the 27 per cent of MASH sources having IRAS fluxes have ratios log[F(12 μm)/F(25 μm)] in the range −0.7 to −0.3 -values which would place them in the upper range of values for H II regions or less evolved PNe. Such a distribution is also consistent with what was noted in Fig. 1 . It is clear, in addition, that most of the detected MASH sources have −0.9 < log[F(25 μm)/F(60 μm)] < −0.1.
However, there is a residuum of objects which possess log[F(25 μm)/F(60 μm)] < −0.9, and therefore have indices which are significantly less that might be expected for the lowest temperature PNe. It seems extremely unlikely, as we have noted above, that these can have been correctly identified as Galactic PNe.
There is also some further, and less theoretically inclined reason to suppose that this might be the case. For instance, where one analyses the proportion of possible (P), likely (L) and true (T) PNe as a function of F(25)/F(60), then one sees marked changes in these values with varying flux ratio. Thus sources having −0.4 < log[F(25 μm)/F(60 μm)] < −0.9 and log[F(25 μm)/F(60 μm)] > −0.4 have slightly differing proportions of P, L and T sources, although it is clear that they are in all cases dominated by true PNe (see the inserted histograms in the upper panel of Fig. 2 ). By contrast, where log[F(25 μm)/F(60 μm)] < −0.9, and sources fall outside of the regime expected for even the coolest PNe, then the proportion of true PNe falls to zero, and most of the nebulae are classified as being 'possible'.
One possible exception to this rule applies for the source PN G011.0+01.4, for which the IRAS flux quality factors are 1131 and log[F(25 μm)/F(60 μm)] < −0.96; that is, we are dealing with a source which has been detected to reasonably high levels of reliability at 60 μm, but for which the fluxes in the other bands are upper limits. It was not, therefore, included in the sample illustrated in Fig. 2 . This nebula is identified as being a true PN by Parker et al. (2006) , and would therefore appear to be the only exception to the rule stated above. If identified correctly, it must therefore represent a very extreme case of PN evolution. All other cases in which there is detection in the 60 μm band, but only an upper limit flux at 25 μm, correspond to sources in which log[F(25 μm)/F(60 μm)] > −0.9.
A review of the imaging and spectral characteristics of these sources, as provided in the two MASH catalogues, suggests that the eight or so possible sources having log[F(25 μm)/ F(60 μm)] < −0.9 are faint, with a large fraction having possible very low excitation spectra (G228.1+00.8, G239.3−2.7, G248.3−3.6). G 239.3−2.7 has previously been classified as galaxy LEDA136861, although this possibility is ruled out by the MASH image and spectra, whilst G322.0−1.8 is classified as being a possible PNe, but a probable H II region. Where spectra are available (and this is only the case for five of these sources), then there is no evidence for higher excitation lines indicative of normal PN central stars, although it is noted that [N II]/Hα is ∼0.3 in three of the sources (G239.3−2.7, G248.3−3.6 and G302.3−2.6), of the order of ∼0.2 in G322.0−1.8 and <1 in G314.6−0.1. Such values are typical of both PNe and H II regions (see e.g. Riesgo & Lopez 2006) .
The one true PN having log[F(25 μm)/F(60 μm)] < −0.9 (G011.0+01.4) also appears to be faint and diffuse, possesses an oval morphology with possible bipolar core, and has weak [O III] emission and [N II]/Hα ∼2.5. However, the source is also stated to be in an obscured region of sky, and flagged with the words 'PNe in front!'.
It is therefore clear that the classification of sources having the lowest values of log[F(25 μm)/F(60 μm)] is much less certain, and we would argue that most or all of these sources are likely to correspond to H II regions. The proportion of such sources (∼9 per cent; or ∼7.5 per cent if one excludes 'confused' sources) is somewhat smaller than would be adduced from Fig. 1 (∼30 per cent) -although it is almost certainly more realistic, given the larger sample of nebulae in the latter analysis.
A final point is worth making concerning these low log[F(25 μm)/F(60 μm)] sources. All of them are contained within the MASH I catalogue, and indeed, if we plot the distribution of MASH I and MASH II sources with respect to log[F(25 μm)/F(60 μm)] (see Fig. 3 ) one sees that the ratios for MASH I sources are generally less than is the case for sources detected within the MASH II catalogue. This is presumably related to the natures of the sources in the two respective catalogues. Thus, MASH II sources tend to be more compact, and of higher surface brightness than those listed in MASH I, or alternatively, very much larger than those in MASH I, and with significantly lower visual surface brightnesses. Whilst the relation between FIR indices and visual/Hα surface brightnesses has yet to be discussed in any significant way, it would seem that the MASH II sources have proportionately higher values of 25 μm emission compared to those of their MASH I counterparts.
An analysis of sources within the log[F(25 μm)/F(60 μm)]-log[F(12 μm)/F(25 μm)] colour plane therefore suggests that the properties of highly evolved PNe are different from those of their less evolved counterparts. It is also suggested that of the order of ∼9 per cent of identifications may be in error, and many of the low F(25 μm)/F(60 μm) ratio sources correspond to H II regions. The large majority of these sources are identified in the MASH catalogues as 'possible' PNe. Whether this suggestion also applies for the majority of MASH sources depends upon the degree to which the current FIR identifications can be taken as being typical.
T H E D I S T R I B U T I O N O F S O U R C E S W I T H I N T H E 2 M A S S C O L O U R P L A N E
The distribution of MASH nebulae detected in the 2MASS extended and point source catalogues is illustrated in Fig. 4 . We also show the limits associated with de-reddened PNe, in which emission is dominated by bremsstrahlung emission and spectral lines (lower rectangular box; data from Ramos- Larios and for main-sequence and giant stars (Koorneef 1983; Bessell & Brett 1988; Bessell 1991) .
It is apparent from this that most of the sources have colours similar to those expected for reddened stellar continua, and are likely to arise from the chance detection of unrelated field stars. A few of these detections may also correspond to the central stars of the PNe, although it is unclear to which cases (if any) this is likely to apply. It is probably safe to assume that most of the sources to the left-hand side of the graph correspond to field stars, and these are indicated using red discs. By contrast, sources to the right-hand side of the graph are likely to be dominated by bremsstrahlung emission, and it is probable that they correspond to detections of the nebular shells. These latter results are indicated using blue discs. It is notable that unlike the case of the FIR colour diagram, the likely matching NIR sources have indices which are similar to those of their less evolved counterparts. Although several of the sources exceed the upper J − H limits defined for reddened PNe, it should be emphasized that these limits are not hard-and-fast constraints. They simply indicate the regimes within which the large majority of higher surface brightness PNe have been noted to reside. Similarly, the few sources (∼9 or so) which appear to overstep the bounds defining D-type symbiotic stars should not, necessarily, be taken as being symbiotic sources. The borders between the differing categories of source are reasonably porous, and one expects that a few bona fide PNe will trespass into this regime.
Having said this, the possibility that some of these sources are symbiotic outflows cannot entirely be discarded; such objects represent a known contaminant of the two MASH catalogues and some of our detections may therefore correspond to this latter category of source.
It is therefore likely that ∼25 per cent of the 2MASS detections can be identified as being associated with the PNe themselves, although a small proportion of the detections at low H − K S may turn out to represent reddened field or central stars. The distribution of these sources appears to be similar to those of the less evolved PNe investigated by Ramos-Larios & Phillips (2005) .
These sources are also listed in Table 2 , for which individual columns are described in Section 2. It will be noted that the harmonic mean diameters HARM of the sources are of the order of ≈10 arcsec -broadly as would be expected given the full width at halfmaximum of ∼5 arcsec for the 2MASS point spread function. Such a 'beam size' leads to spatial filtering of the detections, such that larger sources are appreciably undersampled, leading to lower fluxes and a lack of detection, whilst very much smaller sources possess low mean surface brightnesses, and would also be undetected. It may also be noted that the relatively small sizes of the sources, and the approximate circularity of most of their structures, would suggest that MASH positional errors are likely be low. That this is the case is confirmed by column 13 of Table 2 , from which it appears that mean values of are also very low. Finally, we find that MASH I and II sources seem to possess similar distributions with respect to H − K S , but have quite differing distributions in J − H (see Fig. 3 ). In brief, MASH II sources tend to possess lower indices J − H, whilst MASH I sources have higher values of this index. This is, yet again, presumably related to the differing surface brightness ranges of the MASH I and II catalogues. We also note that whilst only ∼12 per cent of detections for MASH I sources appear to have colours typical of normal PNe, this fraction rises to ∼47 per cent for MASH II sources.
One possibility for explaining these trends arises from the fact that MASH II sources have, for the most part, higher NIR surface brightnesses than their MASH I counterparts. It is also possible that they have higher levels of emission due to the 2 3 P-2 3 S transition of He I, located at 1.083 μm -a component which might elevate J-band fluxes at the limits of the 2MASS J-band filter, and reduce the observed nebular indices J − H.
C O N C L U S I O N S
We have investigated the NIR and FIR photometric properties of MASH I and MASH II PNe, by correlating the positions of these nebulae with sources in the IRAS and 2MASS catalogues. It is clear that essentially all of the IRAS detections refer to the MASH nebulae themselves, whilst a smaller proportion (∼25 per cent) of 2MASS sources represents true nebular detections.
Analysis of these results suggests that NIR colour trends are closely similar to those for less evolved PNe -of PNe which have high surface brightnesses, lower mean angular sizes, and which were previously listed in the catalogues of Acker et al. (1992) and Kohoutek (2001) . The situation regarding the FIR colours of the sources appears to be markedly different, however. There seems to be very little correspondence indeed between the colours of MASH sources on the one hand, and those for 'normal' (and less evolved) PNe on the other. We suggest that this might arise because of a variety of reasons. In the first place, the dust temperatures of MASH sources are expected to be systematically lower than those of younger outflows. This shifts the ratios F(25 μm)/F(60 μm) and F(12 μm)/F(25 μm) to significantly lower values. On the other hand, the cooling of the PNe dust continua will tend to increase the relative contributions of forbidden and permitted line components, particularly where FIR wavelengths are relatively short. This will lead to a corresponding increase in the IRAS flux ratios.
This of itself, however, is unlikely to explain the large F(12 μm)/F(25 μm) flux ratios of the sources, and it seems likely that the 8.6 and 11.3 μm PAH features must be enhanced compared to the underlying continua.
All of these mechanisms combined may therefore explain the distributions of evolved MASH PNe within the FIR colour plane. However, there is a residue of ∼9 per cent sources having log[F(25 μm)/F(60 μm)] < −0.9, and it seems unlikely that these can be explained in terms of a normal evolution in PNe indices. Such sources are also mostly categorized as being 'possible' PNe, indicating that their status is far from clear.
We suggest that this small rump of MASH nebulae is likely to correspond to Galactic H II regions, for which values log[F(25 μm)/F(60 μm)] are known to extend down to ∼ −1.5. Whilst it is always dangerous to extend such conclusions to the generality of sources within the MASH I and II catalogues, it is possible that these or similar statistics may also apply for the remaining MASH sources. It is therefore possible that a large proportion of the 'possible' PNe, which constitute ∼13 per cent of all MASH 
